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1. A tdiPo'mwt oia aon i 'eri tal ~

* is boir4p eorilltcd t inetrt vote rins fl~titair This viork Inc to)ri Ii~is not nec'ess3avil lfimited to, thdotaetical anatytke3 And OXpeOriA1onta1

ctiiatint nr t he ctitimur. oenerat~or desien and performanlce *&araotev?
ittics ef a vertex ring' in air, fnr th.e Tiurroso. of focuz;o. energyf at. a parti-

forz~ti(Im is being ccinpilvd.

2. thoroueh litriatirO spAreh 1tis been 4 an&W #.b't and I
isincluied.

~. DE7NITION

1.' kehen a sharp toIuise is giveiý to &fluid dootaine~d bohihdý
ý4n orificep the flow out of the ortirice will ters.d to curl 'at at the edge of
the ilate. 'This curl. will break away and move forward ftraing a 0,'3-A loop
of vorticity. This is known &3 a vortex ring. V4e sok* rInis af overy.
day cxarple of this pbenormencn.

2. The vertex ring is characterited by the fact that the
pprticles of tlulAi contaiiajd in the orisinAl ring are trasported through. the
surrounding zmedi~uts Withc4t mass interchange. Furt~hermore, the large rote-
tional velocities built tip around the 10re result 1n a low pressure within
%h* rineg. Very large quantities of onerey aft associated with vortex rings.

3. The geeometry of the vortex ring~ Ia shafti In ?igu. I. The
vertex core of finite size forming the ring is placed arcum- the centerline
of vorticitky, because some a85wT-tion must be Pade in that re~iit 'on, wOinCgt
this ring. If an ordinary free vortex were assumed, velocities would become
Infinite at the centerline. Since this is it4possib'lop PAnkin. proposued a
rmodel where a forced vortex of finite diarstar was substituted arovAM the
centerline. TWAs is known as the hankine com~bin~ed vortex. It is this forced
vortex which constituites the core. Experiments tave irroved that this rkoel
is a correct ane, anti that a rerior. in which the velocity decreases is found
ýnear the vortex-rinp centerline.

Work has been conduceted for a period of one year ont the productiton and
!oropagstion of vortex rings in air. )Aost of the vtrk haa been done with a
large vortex-ring geninrater working, on an explosion r-rincirls, which produces
a ring app.roximataly 3 ft in dias. It. has been bhown that an upper linit of
the ener~v in the exposion is reached with each generator configuration.'
After this lip-it is exceeded, the rings are broken uip before they fually torm
probab~Iy by shock reflections from the *losed end of the generator. Volo-.
cities in excess of W00 ft/sec have been observed during thoi launching phase*

CC) ~ ~ ~ ag N I



a'~ ~ ~ ~ irp, ~t~5hŽO h 1at 01 t.he riflf htf th~e rrcund. wOdtc~ igt ht

a~~~~'~ sibtl'l ct\O.Ve I OtcerIti.- . atc1ghn

F iACTIV'ITY .,

brk4 Was stre a"r b~fflf~b a~. ~nr Ct i ia

s-.11.tealerv-.rt generat. ~t~ l i t~3 (I r~t or~j
4 4a~ X~ r t a

baflre! b-aWt U" 1, ,etcl ,e~tW 6V Cvt~l 4d't Air s ourcf(e,

'~ nd3).~tcv'bec4erated .ithe? docin a n ai n aiurE,

~! e~loh'6 ~ 8~~agebliuk s"eila -'or -ope d al o21 t~~a

' e im pl1oCTin 3 Patt ge a n pd1 ~* Ii h d i schar g es inlt o the generat or

1~rrl nruh q1e~ aetif~ va.e.Mh0 i ys. ma, be tperated at UP

to 5Q psi~ard he at,16jnt of ais& di~c arts ~ ~cnrlld~vri1 h

ridgo treratidft, a %rinW -hethalisMf 'ia .Prov ded On.t~bre.Viiiiyo

the if3,oc they .reenertd sawa a, nroblen . th this equ P-Oflt.

I ~pi~i3 r~ont~u dnsesmce ~uldbe reted by burning~ tuilana anld thi~s

510e Athe torrrzti~fl.,of the rii*. There was S ala An~ a-us

giw4~ fro ~nim hyroxide 
m hydroichloric a-o3 to giv90 vitibi:-Lity tote

fu f3rtfl of tqs ehd,~ *fr~ ~e u ickly forced the ejper 'iýh*ters

6nabr '~f any closed pULa-. e'. loevrp, V. h pn i~ *~ t~ xrtC

*ffu~femes madoek ereimaim~taii- dUiriC41t.

U ~ ~ ~.1;sit4 this eqizipment vit~h t~he cvrnresei~d 
air~ source, #rings

~rave~flg aLt. 10mt~ ft/sec Could be vbse-rved. ý)uch rinrs are to be

in 4-5, 6 -i , 5, d oid . FiguresG &n

3AUnchirlg, ir& the onvelope imhesare of an obliteperd)ireil

discerned(. As o4 tirt f tro!resstst, it tends to ejtct the s~k which, aft~er

411 ~ mot4r~gb~t m nu e T artidl o* d Le to centrifugil rott:ý- 2n Fi olr es

6,7 M8,6ol h ece ieni¶., This core is well defifld and persists

for cnideraible IMW'- It is IA this region that 
zNaSsilntorchaW¶ge 1E

forigbl an lag ýmeir 5 1~ -,~ a I t. It shouild be noted tha ', t~he

fIVe !i. qm#1 S t'Wh here *T6 not eqU'ential, b,;, art 1piotogrrarhs of df~O

~, Ihtf th ~8~ag blnk ~rtidges were uszed, it was found to be

Acxh Varder t& follow the 
ring vith the, natked ev-e. a *. a

a bout 30 ft/se6 and did not aur~ea to hive A$S rC ft. ioCta~di t

1o rhbotraths ftere' taken but !er aS tile hi~her ý_UeA.C? level of the SP _.5V

(as shownl by aL rr-eAtr irulaton) e iected ties, e atr Howel' r, it.

w~a po~ib6 t i~ter~ etctes rings and feel them strike' the bodY, rind to

sia themn defiett obj1ects hlung nr tex 
path.

D. n order to compile inform~ation on the destructive potential of a

vortexc ring, it vlas dec ided to ienerate a mrich more 
enerr~etic rinr4 than was3

possiJblj v*ith t.he srall, L )4in. generator. F'or this5 p.urpose a pieCe of equir-

mient origitalUY Used in ccrtnection with water vcrtex rings was -round suitable.I

CONF!DENTIAL

P1Z.1



1 A

Il 111 U ription. of M2 ~Fj A c '9t i -Cfrt Repo~r. 'In l03JU

it; t 'A nrct tubo, 36 lin. in lia ai-21 66 in. I cn 0. It bell-nouth
orif ice !1 in. in d I a irt t. Aavilablo ror use wi U4~ 7, r 'c t end`fof thP t~ibe wa3 closed or,' (I'io'tre 9). After a few exT~ratc-ry trtal2z wjtn a.
vtrieto o f £cri-v soomres,I it ý-aa decided thajt t!,e sivc~Cio4n p~rinciple of Vor-
t dx-ri~n' rencration wnovld be the mo.,st 'I r;ctical. :,x¶~loulve chargOs were
c(Intiuntillv incriza.,ed *n weight to obtain larr~er enf'rry inrut~s. Care VM3
taken to i ntroduce the wmlosion Trnducts ; t the bitc), of the gun in such a
Way thlat thn f~low out of- the or'!ice WIS iept as .aiecuth a, poosible. 'Work was
beýur, .sitit a lQ-Frae- shottun shell frrn which the shot had been removed and '
rePlaced wl'.Ih 12.5 g 'of black ptri-der.Thd shel). also contained an original
charpe r.C M. g of runpiowder. This charcrre rducei ring's nearly 4s f t irn di&

traei~.'r a. bot 00ft/Ste yrar~~o about 250 ft. It waj: thcet
rinis that Cirst gave thea * cculiar hivh-freq'iency sound (alnost a whist~le) as
they T-rorretsed down rtnge, that ias becoene t:'rical of hig-%-ererff ritgir, and
'cau be heard after every' launithing. The black p~owder used in these charges
was the finest grini avdLlable, (FFT-G); some attempts were rede to *416
coarser mixtures, but these did not give satisfactor-y reralts. By addi~ng an

*extension to the shell, it was possible to increase the chArgm with an add"*
tional 14s.5 g of black rowder, makine a total of 8.5 1 of Rgunro,'a(.r -e ?7 g of

*black rtoider. This additional energy increased the velocity and ratge ot the
ring. The whi~tle was heard for about 10 sec.

E. Since it seeared probable that enlarg~ing tho charge vould itive
better results, &,small gas generator was fabricated. ,This generator tdKJP a
charge in a metal tube 1.31 in. In dia and 2 in. long&, filled with aprr"
'mately 10 g of black powder. The generator had an crifiue .75 ir..in a~
(.LL2 sq in.). and produced very satisfactory rings.

s tpe It was decided that some quantitative results regarding 1he '

shpand w.~locity of the rings bhouald be collected, and since tthe uo
* 'too fast for the human eyes high-speifd motion pictures wera taken. Tjy -- g

WifWthe Victurto rW @01, hý*cudbAbt*is~.'h 6 .
ticn of the bigh-s-ae1 ca:ea a. L rai.6~ i~.tel0cc
oseillations of the line current, on the film', thus establiahiig a tim..
of the motion being rphotegraphea. Velocit%: meat-urement was performed V
tube interposed in the rinrgs line of flight, 5 ft from the mouth of t* ýa
erator (this tube carried aL pressure rickilp in some of the tests), ane
time it took the ring to reach the 5-ft mark indicktso1 the iaL-al velo-ý
city. h. typical record is showni in figuare 10.

0. The black powder bu'n~ing in the gas generator is a solid pro-.
pellant and its burning ciaracteristics are dependent on nozzle area, density
of loading, and area ratios. Every time the charge weight is changed within
the same generator, the ratio of nozzle throat area to burning area changes.
This parameto'r is dbfined as the area ratio and designated b.- K. ''ince it is
L'spossible V) calculAte the actual surface arta of each granule of pomder, K
'is redefined as the nozzle throat area ter eram of powder. Thes loading don-
sity, desipnateoddoi is the ratio between free volume in the chamber after the
charge Us placed, and volume of the charge. Somse of this free volume ezdata
between the po~wder r.-aaule, but the density of black powder can be calculated
and this real volt-, a found. Closing dewm the nozzle area for a cert;%in ehal:-:'
will increase the ; reszsure in the gas generator, and since the burr Lrg rate
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~i~o ~ and whcr~?te ýale1d later.s'tSi I~~iSaO~

h~~cr ~hzelcac't. +-V~ adAiV be 4dit ltr

~* !i1IiS ~ ~ tir~ t~ tt ~ho O$.that a se ccndakrt rt g W~a s be ln¶ ý
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w a s ~~s , t +en e Ibo u I- / In I if l Ib o:4' 4ý _~x a i i 1It P .e c o rd b

moua n ted Ae o in lt, uo th near I i k ed /A~ .25. tro m these

~to~& ~ wa a1 l~relt hat~ etions wereS the cause of the ~ L

r e c ort i ts aw, e as o rne d t h a t w h en l * o k a v e r e a ch e s t h e OP "i e n d ot : & t u b e i t

i.s reflected as an exj'ansion wrave, w*hil. jthcwj8 1,.,Jc t6v ,SurIe, henete

the end'I C5lesed. itanicel Ouit, aind~ pcrflce

'ittn a r e a e5 ,i st ed w tI e r e t l i n t~ iO O c c u r w h e n O t , a n

tt tav wo ld b ? d ,-ic ed. -;Ile as ,ý,u~qtijfl via$ ft'A dj that t 1112, d O ui bf

th e F wouldC b eni W ,~ one h a f of t~iS t tibe are a. U pon te 4ti hg o it. w~

found t , ht. a1 farked i! proven'enlt reS'lted n ri. ok tj~hae tube

fflici~nts iht r, acce¶,ant, Pmf Irtic w1~ O ci n as'u e 5 j t~ tot the, rem nde of

area was thent t64te 
-;:~4 ~te eut.It~swe o the r'P~ de a

the v'ear. , i a 
The Qrr.t1rast 'is eidn n~ iU C l~ thrn a ti st.e p o 0 b

Of the two rings5 in ?" W erS 12 anid 13,' tt 'a ~ see tht , less energthe

secouday ~ing s !r~id with the-Sa1.x-tcnths etiftce, it is inch ls nr~~

s eC "rnd ist fot r mve Ie w r . Z ra e k , t i ring is ae en to be d o-

taohed dtroii i~t t raail, hlewith- te riia 
4  ie no such sepa ratiofl ever3

bdeeO tram e identai, GcmnTiOf b e nw the PictU esS ', these t-70 tests showsa

ox'iIIiXC - .25 A 1 /l .t

N~ozzle krea (in!)L4 
2

riln~ Speed (tra-,es per see) 2255 ~ 23 2

Z.~ ~~ ~, itFhrewihts were incoreAsed, i~t was found that reflect2o

againA 9e m chta rge and ,e t ~ the ring w~he nt large charge s were used. BY

the end of thThs ja s prt~~ oe are~ia t1 hobadcr 13A i.~

were m~ade, which eixai kip ~eltfe~l h area nuf he sr~LCfrzr

shok rfle tin i a untiolt of the shockvfav e Ic ub r, wbiCh means that

the contracticn ratto changes as the cag Sicesd(jU~SI 
xd1

see ~bUgah CO'V D I >T IA



t* II~Uer1,1icn '7 tic Th'e -ir, Act~vit:r T f-c~i. em, et Jo. 1C> i~

* h-s~th. r'athn. Ahon the rirot v r ririe-i w,-A4 -ade, clhArreu~ r~f
~~ ) ~ O to 100' e Wcre '~sa~ h~ '~ooak rcssuren; of frcrr )J o 30 Psip or

Sto 0a r-siai As jndjecat-A in Fif,ýre' 16, the correct rresz~re for a contrac," A
ticL ratt.6 of .51 is 2 and fai or .6 1:3 25. rsia. Reflectiatu were th~is rb-
dtcier1, csi ecirvll- in L-e lm- rangeu'. iiov.wver, by. usinC, the laripe carges (axiA
bhhcv *'orr-eurcs, abr~ut 75 Psipr * 90~ rsi), co'ntraction ratios~ cloue to 1.00
are needed; m:rk rill ncmt be di-rie tc veriflv this.

J. Pt nroasimW the ener& .tzwut to the rinit, a new,'lar'ger 043*L nor (?o. 2) sar, built. The gas-recnrator nczmola area was eq"lal t4 .1422

!LA, ,ndc..rg weghs vfeincreased to 90~ 0. At this r~t, the iir it or

towstrtte ner te ed o tt& tro[razn (No. 4), are presented in Figure 17.
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A reed potoraphs nreval tatic thereletedwave esryte rlg w a these

hig eerg lvel ýhs tahs kenerato aond 22 aion. is th~e etri P

T'ienet bae f iswtk.Aa cTnoreede tthe thei in ~all i~ of.es
presuredisribitin wihintherin. rr tis~i-tancs, 4 it g gea rte byn
a 12-g h-ýge i t1x ,o. imsgenratr wshoused Sinc Fit me 22. Ceasleua

to ravrse& rng ntoP~redpres~ws wrane top of thecu points in z

discret rin:. It ar stcptda udring wsuaes toul deternnea sthe
* ~ or ntof the sresj an the hutisauser Tykipe Ua-s anted wacin the genrate r. -1e

senor +10 aaint wept in thsibe 3rnecia ne u theiikphs ations etiondictu backt
ifthe Tenor tae are of sTherrocicufloascandntionon a tu* t rm ie

* sporifce(iue1)an care was tknt placed ovr he sensor (d'igue 23) in thiscsta e t

athio -neal conditions a etosee intrsectio of the viensrj~dla; - Planes

sothttm~ satcr Csumweereit)ere iTr 2) IALfr h
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rin, hih r ndioat~d ih V'r 19;. the ,elocitv vanishtes to ZMrO

at til etrei G ee

N. Tocmlt leIvsiain hest icad t- tonreirs

~~ecord$sure aat 
the~ in-Y~~t

tinn ofthe r~nei; ae show

lhape of he A tic ened e st o S .,ree curves. alotne, A 0 Pitr

theOntioe 
presre s,

of g~th inft canbsurafvtMti VbesMinim= h/P), woabl crespaed availae eor ntr o

othecre thereS thEe v~elocty' 41i lofl te rrTSdrI P~it ofi acrioss tix sh " ve

woud b, 'heedfc ,f he. er $`Vhtý trelab~ t ivuden ta di TV61, and

&stio $as Porefl $ vjorte round 'On"&bt iS f ethe d an . ach nWYobrmatricn oi

the a6e t- tarhe ol ed rl 
Ut subraced 

Ln a41xnt$ $ reS'je - t5trm ilac

eumagnat 
temper re -lerissfoun 

tables are. av lative tor dther-

minng he I ch ivievalueh vaound If the'¶ thew idnA~pesue surthtn

ethe tales at' beuse m bter thoibe atrersurgerato tacrorste, shock in gi

foundto iht11 writhna the ng tois mthodo isdaa

tin are gifouM d ~naptizt re-tea ~c

th vloit biteiringdl mus un. ob .Rltiet h ig

T he otw i id p in %icmp. a l t hed o tn i f m p.h e s ure.~ F ut h er -

aic. ex ctly rest ibj e an te alue isUh I3 n rýntenoif icYC

mrthe maxu!0Ad ttgbe be%6jj "'ith e6.3 i o. nthle comptewhich es&g

igteo~ a asree t C ore ful ly evelie, thist "agreement. must m be i e sdata,

lh jar e ni s un f theu r ing a ralbe fuisie cr ofav te rig aeber

T6fo~rwatrd san -the 
-oine ust bew calclated, lOw Lto account for thato pesue

th stahtT iic a~ond is fc wAt bea 16.3i. Uni au~ ai f C c~e or m 0pressible 
I

rin tho- ha ben or ful-, dveopu, hisageemntMr~ b Cosiere

go uid. ~ rb~~ 4wY r,-on .]e n if5 r0.Tb at reete J fgre2 rpesns sbt~talcIti
buin o teevlatoCo orte. iDENTIPs proabl thUis ieta h



A 
n

I~~~~~~lt 
c &e. .i t o I.: Yh 

e rj c n

t . .3 a flca baoi c ) 0h 0 t e mu i r "

Sh .,C~ 
t jti 

s t s a a b a t do te to eM t e m 
" o a i

txxr.~ it) vi'. core mtn4 tbe leos thian IP~O or. t~ tn~n clo bu

belo, anIeltp alU 1:th Ur havke beet,

r • �~ 
v. Cc ,Itinuiw,, ".th the 120 C "h', .S, o -a was done to doeetmine

r he L v46lL)ity and r ,,%r~ e )f tho vertex riirrs. O aeh lab orato ry w ork .has b~eend~

,t-,j pub, Ah, riving the dccia" rteZ of $mnai rines, of I. to 5 in., in dii bA

to the Ibe•t of curimcwledrno, h o Me had ever atterpte'l to deteMieX I d.c.,

rAtts for ripe.- of this siz~e. 
1twsntp~ii to uhtg seM the ins

trmwie for distances ýArger than I ft. CIakifl it iam osuAlbla t s hs t~

to etel!~rrkO ti:,e-distglce redations. lna¶.Cad, an observer was Stationed int

the field a*, vArmlxs distances from the geneor, The audible siq00l. fvv*.th*

ring, (the whistle) was ti•,ed as it passed overhead. Frot this, Crude pOints

coaild be ebtzined, one for each ring iproduced, but there is large scatter among

these 0ijits, as see'i in Ir'Ire 25, The errors in obselvation are lateo near

the 7 encrator, because the ot~ser•ier' reaction tine is lr.ce O mr.ared with the

Vote e recorded, while far from the genetrator, erors anm largep too, stiMe the

ring iS observed tu sl.ow down Lnd advance slowly at tjat distance. -PeidOs

these errors in wIea5sorementI ext*raneous influences such as wind &M the prx-

irnity nf the Frcurd must be occo~uto' for.- ihile ,rrery of fort was nAdf to

choose reriods froe from wind t perfoCrm these te~ti, air movement wal W-

p doubtabl" e.lnterW . •tei'ore, layers of %tt of d4ifferent doasit? can

deflect the rin?. The results then are hardi, eao-lusive, and onl* en on-

velove curve can be drwl•i. This curve shftld be tangent to the ine Mtarked

% ft,/see, sin~e that i• th-e neasilrosd n ainitial velocity. theme results• are

plotted qen lug-log coordinates in igu"re 26. the fact tht the b d

curves $eem to bavte the sa's, slope might' intIjcsLte tjiat the. ring advances 'it

6 rate given bW the fornull
K2/3

tfor a considerable dititar~e. Aft.er sme tic'-t nta rjM slows down t• • +tw poInt

where ht virt av. hoers in nice, and thenl thii exPnential curin 1n

* anger hold; nor can it be valid at t.e ve?7 s.tb ls th toz'm , va

gieinfinite vol xt~ at c t, k 0. A prabOliC forvulli is p~robably needed, but-
rivor the purpose of distussi-ON, tienoneftiAl form is preferabl".

"r.. An xnalysis of the initial ring novement, * tak en fth ih

"speed caIerM film, is showin i•.1i•re 2?, where twi &.,%s have been .loe-.

and it can be seen that they are si•tLUar. & svies, o straiht-Uine aC3 ""

nat~fS hveben daw -rough the curve making the arA~lysis easier. OUT~

!0 milliA13 When the rinp is abott 6 ft out, ¶tb cdrVe assu.flS a slope o the .

arorer encountered in the eqwelope curves* The kinks in the curve are not

completelY understood, but r' be due to reflected waves Civing short imPlS013

to the ring Jurinr its for.ative Vdhasa 
n

.A coparison with some of the revjusy published datas'be

rhde. If the ONq'oneflt, of rinf' prWato is tak~en to be 2/3, a. TeloCity

distance ralAtic" ' -would have to, be of the tPyp

C ( F I D E NTIAL



Arelattcn ýsiim.A~u t~o 
rh~ st *attri'Ol~i'61 / ~?~

~ .ki1Ch~. 0C~ be~Vrrd', tt uul men ~e'Onc~nt of 21 irt Cie

r jxj,_pragatijtc ecliat~ir, whicil Nsnto~Y"l~~.~1h~~rtr ,

woring~Ve di Cexzn..time rainge,, Lav(- cctfe up wlt~h varioa; Pexpononz't3. hj

~ ~re ~~t3~Phtt~d in 'i'ure 28. All curves have h'narT~rox-4-atCO b
~ the

K m

Tt~e valiu of it in th~ese relation½s I, of no conscqenCe since It deals mainly

with the 1a=-~hinF ipres.ý.'re, as can be seenin the cu~rves rark,-d reference

9 ii Fic-ue ý8 where the lower curve is ciie to a rrfssure sf 1L) ,si and the

on t'rj. -1he valuae of 14, aetn sjifjini1.ft, in th-at it decr~e~sC with
ncreAsilw time.' (n th)at Kbasis, the resuilts trbtained in this report comrpaea L

favo~rablWý witlh th,- c~irvr.. takcn in sim~ilar tirie raniges.V

. s 1býIs seem in the last section, the tress,,ir of rinv, generaticn

doet hafe ar.rc ' u e1 e n th s rinzW velocityO l e rnle of -which is that. the it-

crease 4n cl,4-e twe'aft re.4ultt in higher velo~cities. It was ar ir~erest to

see tw-.1 tlo launchin,., velocit* ahd rireszure va~rieý when the ch-irge, wei-oht was

hield c~onstant, "bu the fras-keneratdr contfiguration was chanrted, that V', to

Investigate the solid-prinr~eflafit para~neters K and A . The results are shcrnt Iii

Fir~ares 429 and 3U. i K b e'ld constant, A was varied by moans of spacers.

The cakpreurewasre-rd d as described herein in raragraph H, and th13

&at-, Is pre .s Ien .ted in figura 29. I.Aithi aecreasin?, K, the ceurves becrme flatter'

as~d rinafly issure a na.*ative iliote, the important Toirnt bei~ng. that thz peak

pre,~t ~SCAtter-d, With 35'psi' beingR f osible on All f o'ir curves atI

differont ~ Je~ie2 s'teT-lotted as i s-nfgr

Xk.1 hith the area ratio as theaisdeperndent, Variable, peak prets:ure is virtua~lly

Indr-eýendelt, of A above an ar'ea ratr. of t 08, while below th ,there is a

divergenlce oj, the liriesA - hese' result&. zeen to indicate that in the de31gn of

the ga's generator, the )oadinp density need be only a se~ccidar,,t conisideration

as longoa K is kept. above a rnintmun. Any ~n)1me in K, txc*sjvr, ve-11 effect

the -;,eak ~rfe55ue.

itT. A cormplet.) survary of all the Vaportant runn, from~ which the'

coiantlative data used in this report were takenl, is appended as Table 1.

TV. VUTIJ .RF

A,11 work n-' in rrcsrress will be carried ýýn with thte crntifluationl of~

Contract klOnr U198(00). Ar. attemfpt will be made to produce ringo -At higher

energy liVels and to 'get same data on the destructi.ve potential of those rings;

cunsequentinly, * uJ n ti$~atioft of the wave reflection phenomenon is

planned.

Page 8
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ý.hil:,ýfrlcil Ap~tint,5. 7,Vol.11,oN. 73, 1931

ýtiit~ tother mde f rducio Vaisoussn te p essuato n of geer tion ao ndW
it~iate, A th reslt3are prsena.i cos-dsetion.the data or varioues

ben in~rz~tl error1tet b..rscbeinlangCldwll

trasltor.she Eiweun tndk hen ! ýltsuimg
C~ertain Vortex ______ PBand, 35-ts ed 1 , M X1939. J*2, 11

.bserre V.''~ K.m antide azs N. of tra el develtoped
at ca :!x int at the !,ore, and ltrf aevj u;,l nstrable.c T he , pHe Journ aln is

A~~~~~qlied ~~~ ~ ~ ~ P It;ec Vo.2,9o p16-09 coe 92
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lauIt h 

-~ bti~fPdi ~s.ddikit ven %eSW

p1 ~~Vtte _vt% of yelvin and~ Cra.y, h autho , ishale, Witot"'l

t"Oý'IS ý' 'Pjryt( f!Jt~rjl1ISE toe~ dcrivi tteeizT..ar, vulcit o f' a~se vortoy rifLg.

liem~ findý. it.r to b nlrthte faýct ia thea of~s Kelin rand tI4'c)is *TiCOc

Leails," ythut rnalo;te:ranlg I. Otitute, July De s~fc. 191e ds72),e ar 3L5

a~ efactC1. ivnrr aX6i.v wate- ifl oint &icaues on water vhc~ rc r Inc,

j~als in the ringY. ',his is hot truae for an oil rifli, entering wat(-?. -Ex!erl-

mnelts with variou5 other miaterials are d.setissed.

Cibei'beclC, A. "Ueber lison!ti r.,-riceh T~~setbefu~n

-ohile iYlveA!atfl!, Ui.he ntX-7 of o-ie fluid~ into another, the author

observez 'vcrtex rint.). and deý;cr'.bO.; them.

H o s h . 'l b r Rn*t l u * i Y1u ss~igL eit eft,' ýna e n d er

?hsi td Ch.ie Vet eihe, 20 Pand, 18;X.

Poth water and aerial rinws are 4iscvssed. The shape of the gen-

erator is investig-ited, and the 4 cnusion is drawn, thtiPh ent sf

times the diam!eter, "o ringp will be forme&d. Orifices of virious' shapes were

imestigated, .Pud tbe cceneltiftc4~is 'draw1h that rectan.-.. 'ltz;-^!i CZ' with a 3 to

I ratio' form a d%,ubly..dO~r~ed UaM .iscatC* vihich r'aisates: with a Ilt ratio,

two rinrs aprear, and with a 6 to I ratio, three ?~i4,s are produced.

Rernnlds, 0., ")n the P.esist~flcc Lnccountered b-' Vortex Rings, axis the

',ýela.tiofl I.etaeef the 'Jortex 1Pinf- -and the Atrearnlifles of a *isc," RFevieied :Ln

tiature.Vol. v!V, 14o. 477, 18716.

The author investip~at(d vortex rings 
in water', ndl cane to the con-

clusion that tbte rings rove without 
arty ap.ýre,,iable resistaitce. The s1*-irig downi

is attributed to a grov~th in the size c-f t'ie ring due to a continual addition of

the surroitndiflg water. i-iasurem~ents tak~en showi that the mcrncntum at different

distances is the saro. ~ -.
Pg '
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E'~47~r

j. -16 al, Due._

Th atithe'at poin ctra sto~n ich It~lnting rns in exrst¶Crthe *ba.

Uudro, E. triP, " (in the Fo1.tinadr'topgthonn eca torCea flonto's rina
Aent I rocedoijriof ctt e f irst~ i~ Vol.es o, 4~.3~2,pp l691,d"Iechanip

~~Asuyof thrie wcrtex rink's shc'its At the me ssage ofMm for alit votex

ulaer- experiimental conditions. Phe translational and rotational notion, and
the ext-ansicr. of the vortex, are Asdd A parabolic fcrvula fer the time*
disatance curve is given t.t IA3 +s Dst). The exransion ea' siven is sai'id t b4

* o te or'~~ E1~r/r0  4 i-the..atica ;AOy fcr the miuations efMOtVIo

And4 the eoflrg of Uie riMg is piveon

!;on, iý., "(,n circular 7lortex RijiC3 vt Finite Section in Len
Press1Xb1. t'luids," Bulletin of the Cale-atta ilath ematical ý3oc iey Vol.1 3,$
1923, p117.,

"non Vortex Rinprs or vinite Circu.3.v ioction in~ Incompressible
'Tluids,* 9u1let4.n of ti.. Calcutit .Atnornntical_60clejt, VIol. 13*,1923, P 2007

"*"On Utfbility of Vortex ttings in Compressible Fluids," Bulletin of

0, seriec n? thrmce r~aT-rs A-vinr a u. ,iAl antiysi s of

JlaH., win the initial r1coi eC a Lijud Through an' Cri±lee
Fhapidlv (irr~ed,"4 Conptes !.en'ius (P-irs), Vol. 1:12, 1921, pp Th-5,Brutcher
'eranslatioen

7 his j1aljr "vIrks cut the ccnd'tion~s under wh~ich, at tte 3tart of
flwthruiqth An orifice, all the del ivervcre from the edges of t-he p ue

Understanding tuuese conditions can ',elr- exi~1ain the production of vortex tings.
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